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Abstract
Back ground: Men with 47, XYY syndrome are presented with varying physical attributes and degrees of infertility.
Little information has been documented regarding the meiotic progression in patients with extra Y chromosome
along with the synapses and recombination between the two Y chromosomes.
Methods: Spermatocyte spreading and immunostaining were applied to study the behavior of the extra Y chromosome
during meiosis I in an azoospermia patient with 47, XYY syndrome and results were compared with five healthy controls
with proven fertility.
Results: The extra Y chromosome was present in all the studied spermatocytes of the patient and preferentially paired
and synapsed with the other Y chromosome. Consistently, gamma-H2AX staining completely disappeared from the
synapsed regions of Y chromosomes. More interestingly, besides recombination on short arms, recombination on the
long arms of Y chromosomes was also observed. No pairing and synapsis defects between homologous autosomes
were detected, while significantly reduced recombination frequencies on autosomes were observed in the patient. The
meiotic prophase I progression was disturbed with significantly increased proportion of leptotene, zygotene cells and
decreased pachytene spermatocytes in the patient when compared with the controls.
Conclusions: These findings highlight the importance of studies on meiotic behaviors in patients with an abnormal
chromosomal constitution and provide an important framework for future studies, which may elucidate the impairment
caused by extra Y chromosome in mammalian meiosis and fertility.
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Background
The 47,XYY sex chromosome variation is the most
common sex chromosome anomaly after Klinefelter
syndrome [1–3], occurring in approximately 1 out of
1000 live male births [4]. To account for the
increased proportion of paternally derived 47,XXY
males as compared to other trisomies it has been sug-
gested that the XY bivalent, with its reduced region
of homology, is particularly susceptible to non-
disjunction [5]. Paternal non-disjunction at meiosis II
resulting in sperm with an extra Y chromosome pro-
duces a 47,XYY karyotype in the affected offspring.
Majority of the patients with 47,XYY have a delayed
diagnosis, with a median age of 17.1 years at diagnosis [6].
Although most XYY boys have no phenotypic abnormal-
ities, they are at greater risk for behavioral problems, mild
learning disability, delayed speech/language development
and usually with a tall stature [2].
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An association between 47,XYY and fertility problems
has been reported in several studies with an increased inci-
dence of chromosomally abnormal spermatozoa in the
semen of men with 47,XYY syndrome [7–13]. This greater
prevalence of hyper haploid sperm results in an increased
risk of passing the extra Y chromosome to offspring [2].
Men with 47,XYY syndrome can have variable sperm
counts, ranging from normal to azoospermia [2, 10, 14–16].
Considerable attention has been given to the somatic
abnormalities associated with 47,XYY conditions but less
is known about their meiotic behaviors; that is, how sex
chromosome imbalance influence the meiotic progression,
and homologous pairing, synapsis and recombination. In
this study, we applied Immnunofluorescence technique to
study meiosis in a 47, XYY patient. We used immuno-
staining of SYCP3 and SYCP1 to study the sex chromo-
some configurations, MLH1 to detect recombination and
γH2AX to determine meiotic sex chromosome inactiva-
tion (MSCI) in pachytene cells from the testis of our
47,XYY patient. We observed that the extra Y chromo-
some was present in all the studied spermatocytes of the
patient, preferentially paired and synapsed with another Y
chromosome, and associated with X chromosome, which
may have affected the meiotic prophase I progression.
Methods
Patient and karyotype analysis
A 27 year old male was presented to Provincial Hospital
affiliated with Anhui Medical University, Hefei, Anhui,
People’s Republic of China. Semen analysis was carried
out according to World Health Organization (WHO la-
boratory manual for the examination of human semen
and semen-cervical interaction, 2010) and no sperm were
observed in his semen. After obtaining written informed
consent, testicular tissues were sampled from the patient.
Five fertile men of Han ethnicity having at least one
healthy child were recruited as normal controls for this
study, and similar experiments were performed on them
as mentioned for the patient. All the procedures of this
study were approved by the institutional review board
and ethical committee of the University of Science
and Technology of China.
Histological analysis
Testicular tissues were fixed overnight in 4 % PFA for
histological examination. Serial testicular sections were
made and positioned on microscope slides, stained with
hematoxylin and eosin for histopathology analysis.
Spermatocyte spreading and immunostaining
Testicular tissues were processed as we described previ-
ously [17, 18]. Rabbit anti-SYCP3 (Abcam, Cambridge,
UK), human anti-CREST (Immunovision, Springdale,
AR), mouse anti-MLH1 (BD Pharmingen Biosciences,
San Diego, CA), mouse anti-γ-H2AX (Millipore, Billerica,
MA) and Goat anti-SYCP1 (SantaCruz Biotechnology, CA,
USA) were used as primary antibodies. These antibodies
were detected using the following secondary antibodies:
Alexa 555 donkey anti-rabbit (Molecular Probes, Carlsbad,
CA), Alexa 488 goat anti-mouse (Molecular Probes,
Carlsbad, CA), Alexa 488 donkey anti-goat (Molecular
Probes, Carlsbad, CA), Alexa 488 donkey anti-mouse
(Molecular Probes, Carlsbad, CA) and 1-amino-4-methyl-
coumarin-3-acetic acid (AMCA) donkey anti-human
(Jackson Immunoresearch, West Grove, PA), respectively.
Fluorescence in situ hybridization (FISH)
To identify the Y chromosomes in spermatocytes,,FISH
was performed as we previously reported on the sperm-
atocyte spreads immunostained for meiotic analyses in
previous experiments using a DNA probe specific to the
long arm of human Y chromosome(A generous gift from
Professor Mingrong Wang, Cancer Institute and Hospital,
Chinese Academy of Medical Sciences, Beijing, China).
The Y probe was labeled with Spectrum Green dUTP
(Vysis, 02N32-050) using a nick translation procedure fol-
lowing the manufacturer’s instructions. After the cover
slips were moved, the slides were washed in PBS for
5 min, followed by dehydration in ethanol grades (70, 80,
90 and 100 %). After drying, the probes were added to the
slides, co-denatured on a hotplate at 80 °C for 10 min and
then the slides were incubated overnight in a humid
chamber. Cover slips were moved and slides were washed
in 0.4XSSC/0.3%NP-40 at 45°Cfor 45 min followed by
2XSSC/0.1 % NP-40 for 20 min at room temperature.
After air drying in the dark, antifade and cover slips were
added to the slides. Cells were analysed and imaged using
an epifluorescence microscope Olympus BX61 (Olympus
Inc., Tokyo, Japan) and Image Pro-Plus version 5.1 soft-
ware (Media Cybernetics Inc., Bethesda, MD).
Statistical analysis
Statistical analyses were performed using SPSS 13.0
software (SPSS Inc., Chicago, IL). A chi-square test
was applied to compare the meiotic progression between
the patient and controls. The Mann–Whitney test was ap-
plied for the comparison of MLH1 foci per cell between
the patient and controls.
Results
Analysis of the semen revealed that the patient was
suffering from azoospermia. Karyotyping on G-banded
metaphases of peripheral blood lymphocytes revealed a
karyotype of 47, XYY in all the 100 studied cells of the
patient. FISH using a DNA probe specific to human Y
chromosome on spermatocyte spreads indicated that all
the 71 analyzed pachytene spermatocytes had a XYY
constitution (Fig. 1).
Wu et al. Molecular Cytogenetics  (2016) 9:9 Page 2 of 9
Prevalence of YY pairing and XY association in
spermatocytes of the 47, XYY patient
A total of 71 pachytene spermatocytes were analyzed for
the pairing between homologous chromosomes. No abnor-
malities in pairing between homologous autosomes were
observed in all the cells analyzed. For sex chromosomes, 42
out of 71 (or 59.2 %) cells showed pairing in whole Yp and
partial Yq, while in the remaining 29 (or 40.8 %) cells the
pairing extended to the whole length of Y chromosomes
(Fig. 2; Table 1). Notably, in none of the studied pachytene
cells, X was found to pair with Y (Fig. 2; Table 1).
In more than 62.1 % spermatocytes analyzed, the Y
chromosomes were found to be associated with X
chromosome (Table 1). There was no significant differ-
ence in the frequency of cells showing XY association
between partially and completely paired YY-containing
cells (Table 1). In all the 45 spermatocytes displaying XY
association, 36 (or 80 %), 3 (or 7 %) and 6 (or 13 %) cells
showed an association of Xp with Yp, Xp with Yq and
Xq with Yq, respectively.
Abnormal sex chromosome synapsis the 47, XYY patient
To detect synapsis between homologous chromosomes,
SYCP1, a central element of synaptonemal complexes,
were detected by immunostaining in pachytene sperm-
atocyte spreads of the 47,XYY patient (Fig. 3). In all the
71 spermatocytes analyzed, no synapsis defects were
observed for autosomes. For the two Y chromosomes,
partialand complete synapsis was observed in 52 and 19
studied spermatocytes, respectively (Table 3). Higher fre-
quency of Y-Y synapsis was observed in those spermato-
cytes where Y chromosomes were found associated with
X chromosomes in all the 45 studied spermatocytes
(Table 3). X chromosome was found associated with the
Y chromosomes in 45 of the studied spermatocytes but
synapses of X with Y chromosome was not observed in
any of the studied pachytene spermatocytes (Fig. 3).
Reduced recombination on sex chromosomes and
autosomes of the 47, XYY patient
In order to determine effects of presence of two Y chro-
mosomes on recombination during meiosis, the MLH1
foci, the meiotic recombination markers, were counted
in pachytene spermatocytes of the patient. All the 65
spermatocytes with partial or complete YY synapsis were
analyzed. Recombination between two the Y chromo-
somes was observed in 27 out of 65 or 41.5 % cells. In
spermatocytes with partial YY synapsis, recombination
was observed to occur between the two Yp in 21 out of
47 (or 44.7 %) cells (Fig. 2; Table 2), while in those with
complete YY synapsis, recombination between the two
Yp was seen as expected but at a lower frequency (4 out
of 18, or 22.2 %, Table 2). More interestingly, recombin-
ation between the two Yq was also observed in 2 out of
18 (or 11.1 %) spermatocytes with complete YY synapsis
(Fig. 4; Table 2). It was noted that the frequency of recom-
bination between Yp arms was higher when two Y chro-
mosomes were partially synapsed. More strikingly, MLH1
foci were not detected on remaining 38 cells although the
two Y chromosomes were synapsed (Fig. 2; Table 2).
Recombination frequency of autosomes in the 47, XYY
patient was determined in71 pachytene spermatocytes
and compared to those in 437 spermatocytes from five
controls. The mean number of MLH1 foci per cell in the
patient was significantly lower than those in the controls
(44.9 ± 4.6, vs.48.1 ± 5.8; P <0.001, Mann–Whitney test).
Meiotic sex chromosome inactivation (MSCI) in the 47,
XYY, male
It has been documented that the chromosome or chromo-
some’s regions that had not experienced synapsis undergo
inactivation and are decorated by γ-H2AX signals in sper-
matocytes [19, 20]. We immunostained mid-late pachy-
tene spermatocytes of the patient and controls for the
meiotic sex chromosome inactivation (MSCI) marker,
Fig. 1 The extra Y chromosome was present in spermatocytes of the 47, XYY patient. a Image of a representative pachytene spermatocyte
immunostained for SYCP3 (Red) showed two partially paired Y chromosomes identified by FISH using a DNA probe specific to the q arm of
human Y chromosome (Green). b Enlarged area from A. c A schematic configuration of the sex chromosomes from the cell shown in a and b
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phosphorylated H2AX (γH2AX), and the axial element
protein SYCP3. In spermatocytes where two Y chromo-
somes were partially synapsed, γ-H2AX signals were de-
tected around unsynapsed regions of two Y chromosomes
and X chromosomes as expected (Fig. 4a-d). Interestingly,
the γ-H2AX signals were only visible only on X chromo-
some in the spermatocytes where two Y chromosomes
were completely paired and synapsed (Fig. 4e-g). These
results indicate that synapsis can indeed occur between
the two Y chromosomes.
Meiotic progression was disturbed in 47, XYY male
To determine whether the meiotic progression was dis-
torted in our 47,XYY patient, a total of 210 spermato-
cytes in different sub-stages of meiotic prophase I were
studied in the patient and the results were compared
with the controls (1117 spermatocytes from 5 normal
men). An increase in leptotene (P <0.001, chi-square
test) and zygotene (P <0.001, chi-square test) but
decrease in the pachytene spermatocytes (P <0.001,
chi-square test) were observed in our patient (Fig. 5).
Decreased germ cells in the testicular sections of the 47,
XYY male
Histological examination of the H&E stained testicular
sections revealed normal spermatogenesis with a lot of
typical sperm in testicular tubules of a control male
(Fig. 6a). However, reduced number of germ cells and no
mature sperm were observed in testicular sections of the
47,XYY patient (Fig. 6b).
Discussion
A lot of variation has been reported regarding the presence
of the extra Y chromosome in germ cells, spermatogenesis
Table 1 Sex chromosome pairing in pachytene spermatocytes in the 47, XYY patient
Cell type No. of cells analyzed No. (%a) of cells showing Y associated with X No. (%a) of cells not showing Y associated with X
YY partially paired 42 27(64.3 %)a 15(35.7 %)a
YY completely paired 29 18(62.1 %)a 11(37.9 %)a
XY + Y 0 0 0
Total (%) 71 45(63.4 %)a 26(36.6 %)a
Sex chromosomes pairing was determined by over lapping SYCP3 signals
aThe percentages were calculated by dividing the number of cells showing Y associated or not associated with X (respectively) with the corresponding number of
cells analyzed
Fig. 2 Sex chromosome pairing and recombination in the 47, XYY patient. Representative pachytene spermatocytes immunostained for CREST
(Blue), SYCP3 (Red) and MLH1 (Green). a Two Y chromosomes partially paired and associated with X chromosome. There is no recombination on
the sex chromosomes. c Two Y chromosomes partially paired and associated with chromosome X. Notably there is a recombination focus on the
short arm of Y bivalent. e Two Y chromosomes completely paired and associated with X chromosome at the end of short arms. Notably there is
no recombination on the sex chromosomes. g Two Y chromosomes completely paired and associated with chromosome X. Notably there is a
recombination focus on the short arm of Y bivalent. b, d, f and h are the schematic configurations of the sex chromosomes from the cell shown
in a, c, e and g, respectively
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and sperm counts in 47,XYY patients. Many men with
47,XYY karyotype has normal meiotic progression and are
fertile. It has been suggested in some studies that the extra
Y chromosome is lost before meiosis thus conserving fertil-
ity in these patients [2, 12, 15, 21]. In the present study, the
extra Y chromosome was not lost in primary spermatocytes
and XYY constitution was seen in all the 71 studied sper-
matocytes of our patient (Fig. 1; Table 1). This 47, XYY
man showed disturbed meiotic progression and suffered
from azoospermia with few germ cells in testicular tubules
(Fig. 6b). Blanco et al. [22] reported that most (95.9 %)
premeiotic cells and 57.9 % pachytenespermatocytes
showed XYY chromosomal constitution, and 42.1 % of
post-reductional germ cells were XY in their 47,XYY
patient who was oligoasthenoteratozoospermia. Solari and
Valzacchi [23] observed XYY constitution in all studied
spermatocytes of a 47,XXY patient with severe oligozoos-
permia. Both of these studies concluded that the arrest
point for the genetically abnormal germ cells may reside
at the primary and secondary spermatocyte or spermatid
Fig. 3 Synapsis between the two Y chromosomes in spermatocytes of the 47, XYY patient. Images of representative pachytene spermatocytes
immunostained for CREST (Blue), SYCP3 (Red) and SYCP1 (Green). a Two Y chromosomes partially synapsed with one Y chromosome being
associated with the X chromosome at the end of q arm. b Enlarged area from (a). c A schematic configuration of the sex chromosomes from the
cell shown in a and b. d) Two Y chromosomes completely synapsed. e Enlarged area from (d). f A schematic configuration of the sex chromosomes
from the cell shown in d and e
Table 2 Sex chromosome synapsis in pachytene spermatocytes in the 47, XYY patient
Cell type No. of cells analyzed No. (%a) of cells showing Y associated with X No. (%a) of cells not showing Y associated with X
YY partially synapsed 52 35(67.3 %)a 17(32.7 %)a
YY completely synapsed 19 10(52.6 %)a 9(47.4 %)a
XY + Y 0 0 0
Total (%) 71 45(63.4 %)a 26(36.6 %)a
Sex chromosomes synapsis was determined by over lapping SYCP1 signals
aThe percentages were calculated by dividing the number of cells showing Y associated or not associated with X (respectively) with the corresponding number of
cells analyzed
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stages leading to a continuous elimination of these cells
during spermatogenesis. Solari and Valzacchi [23] ob-
served a high level of germ cell death at or immediately
after the meiotic divisions. Milazzo et al. [24] reported that
two 47,XYY patients with severe oligozoospermia showed
extra Y chromosome in 60.0 and 39.6 % of analyzed pachy-
tene spermatocytes, respectively. They observed large
number of apoptotic round spermatids and impaired mei-
otic division and cytokinesis failure leading to diploid
(mainly 47,XYY cells) and tetraploid (94,XXYYYY) meio-
cytes, when present. Thus, the presence of the extra Y
chromosomes in spermatocytes may disturb spermatogen-
esis and result in infertility of 47,XYY males.
We have observed abnormal pair and synapsis of sex
chromosomes in our 47,XYY patient. A predominant
pair and synapsis pattern observed was a partially or
completely paired and synapsed YY bivalent associated
with X chromosome, which forming a trivalent in 45 of
71, or 63.4 % of studied spermatocytes (Figs. 2 and 3;
Tables 1 and 3). The minor pair and synapsis pattern
was an YY bivalent and a univalent X in 26 of 71, or
36.6 % of the studied cells, while in none of the studied
cells, X and Y were found associated with each other
(Figs. 2 and 3; Tables 1 and 3). Several other studies on
pachytene cells have also reported that the two Y-
chromosomes preferentially pair and synapsis [2, 22, 23].
Solari and Valzacchi [23] had found a complete absence
of normal XY pachytene spermatocytes and 86 % sper-
matocytes showed Y-Y bivalent plus a univalent X in
their XYY patient. We thus conclude that pair and syn-
apsis occur preferentially between two Y chromosomes
to form X+YY configuration in XYY spermatocytes.
The preferential pairing and synapsis of the Y-
chromosomes is may be due to their greater homology
compared with the X chromosome. X+YY cells are likely
to be lethal due to the escape of Y genes and prevention
of X genes from meiotic sex chromosome inactivation
(MSCI), which normally silences the unsynapsed sex
chromosomes [25] and result in a low sperm count
[2, 23, 24, 26]. In consistence, we observed that syn-
apsis took place along at least entire short arms and
partial long arms of the two Y chromosomes, but
never between X and Y chromosomes, in all the studied
pachytene spermatocytes (Fig. 3), and the γ-H2AX signals
were only visible on X and distal part of Yq (Fig. 4). γ-
H2AX signals were not detected in the region where YY
were synapsed YY while γ-H2AX signals were detectable
in unsynapsed regions of Y and X chromosomes
(Additional file 1: Figure S1) indicating that synapsis of the
Y chromosomes can afford protection of the Y chromosome
from γ-H2AX phosphorylation preventing MSCI.
It has been established that each pair of homologous
chromosomes must have at least one recombination
between them, and the recombination only occurs on
the pseudo autosomal region (PAR) of X and Y chromo-
somes in normal spermatocytes [27, 28]. In our 47,XYY
patient, we observed recombination between two Y chro-
mosomes in 27 of 65, or 41.5 % cells analyzed, in which 25
Fig. 4 Unsynapsed regions of the sex chromosomes are stained positive for γH2AX while synapsed regions remained unstained in spermatocytes
of 47,XYY male. Pachytene spermatocytes immunostained for γ-H2AX (Green), MLH1 (Green), CREST (Blue) and SYCP3 (Red). a γ-H2AX signals are
not detected in the region of synapsed YY, but detected in unsynapsed regions of Y chromosomes and X chromosome. b, c Enlarged area from
(a). d A schematic configuration of the sex chromosomes from the cell shown in b and c. e γ-H2AX signals are not visible on the completely synapsed
YY but visible around X chromosome. f Enlarged area from (e). g A schematic configuration of the sex chromosomes from the cell shown in e and f
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spermatocytes showed recombination between two Yp
arms while 2 showed recombination between two Yq
arms. This indicates at least that long arm of Y chromo-
some also has the property to pair, synapse and recombine
between each other during meiosis. MLH1 foci were not
detected on remaining 38 cells although the two Y chro-
mosomes were paired (Fig. 2; Table 2), the reason for this
remains unknown. To our surprise, the number of MLHI
foci on autosomes were also significantly reduced in our
47,XYY patient when compared to the controls (Table 2),
Fig. 5 Meiotic progression was disturbed in the 47, XYY patient. Representative images show (a) Leptotene, (b) Zygotene and (c) Pachytene
spermatocytes immunostained for SYCP3 (Red), MLH1 (Green) and CREST (Blue). d An increase in leptotene and zygotene, and decrease in
pachytene spermatocytes were observed in the 47, XYY patient. N, The number of cells analysed; *** P <0.001, chi-square test
Fig. 6 Decreased number of early germ cells and absence of sperm in the testicular sections of the 47, XYY male. H&E staining of testicular
sections showed (a) normal histology and spermatogenesis in control and (b) reduced number of early germ cells and absence of sperm in the
47, XYY patient. Blue arrow, spermatogonia; black arrow, spermatocytes; green arrow, sperm
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which indicates presence of an inter-chromosomal effect
(ICE). This ICE was probably due to activation of pachy-
tene checkpoint that delays pachytene progression when
either the process required for crossover is defective or
when there are defects in the structure of meiotic
chromosome axis [29].
A huge variation in number of MLH1 foci has been re-
ported in subjects suffering from male infertility (with
variety of phenotypes) when compared with the normal
fertile controls. It has been reported previously that sta-
tus and age of the subjects did not affect the recombin-
ation frequencies. Lynn et al. [30] did not find any
difference in recombination frequencies based on patient
status (e.g., cancers, cystic fibrosis, or previous vasec-
tomy) and age. This study shows that the control data
we have used in our manuscript is reliable and can be
used to compare the recombination frequencies between
the patient and controls. Regarding the counts of MLH1
foci in control and patient spermatocytes and the % of
cells with MLH1 on XY chromosomes, individual varia-
tions has been reported for both patients and controls.
Sun et al. [31] has reported mean frequency of 49.8 ± 4.3
of autosomal recombination foci in a 47 year old control
having 73 % recombination focus in XY bivalent. While
Codina-Pascual et al. [32] has studied the meiotic pro-
gression in 4 patients with azoospermia and 6 patients
suffering from oligoasthenozoospermia. They have re-
ported that the mean MLH1 foci per cell were similar in
patients (47.3) and controls (48.8). Upon comparison of
MLH1 foci in sex chromosomes they observed decreased
mean MLH1 foci (% cells) in patients (59.2 %) as com-
pared to controls (69.9 %). It was observed that number
of MLH1 foci on X-Y chromosome was different in
patients suffering from azoospermia (61.7 %) and oli-
goasthenozoospermia (59.2 %) indicating that MLH1 foci
number varies with the underlying type of infertility.
Sun et al. [33] has also reported decreased mean MLH1
foci (% cells) in 7 patients with non obstructive azoo-
spermia (77.7 %) as compared to controls (86.2 %). The
mean number of MLH1 foci (% cells) in this study is
higher for both patients and controls than the data we
have presented in the submitted manuscript and Sun et
al. [33] has reported that despite having 77.7 % MLH1
foci on sex chromosomes, the patients suffered from
reduced meiotic recombination on the XY bivalent
confirming that there is no specific range for MLH1 foci
per cell for both autosomes as well as sex chromosomes
and the number of MLH1 foci varies from person to
person.
Conclusion
In conclusion, we have reported that the extra Y
chromosome was present in all the studied pachytene
spermatocytes of a 47, XYY patient. Presence of this
extra Y chromosome has resulted in abnormal sex
chromosome pairing, synapsis and recombination and
prevented the meiotic sex chromosome inactivation,
leading to disturbed spermatogenesis, germ cell loss and
consequently azoospermiain our patient. Hence, this
work provides an important framework for future stud-
ies, which may elucidate the impairment caused by extra
Y chromosome in mammalian meiosis and fertility.
Additional file
Additional file 1: Figure S1. Unsynapsed regions of the sex
chromosomes are stained positive for γH2AX while synapsed regions
remained unstained when the YY associated with X chromosome in
spermatocytes of 47,XYY male. Pachytene spermatocytes immunostained
for γ-H2AX (Green), MLH1 (Green), CREST (Blue) and SYCP3 (Red). (A) γ-
H2AX signals were not detected in the region where YY were synapsed
YY while γ-H2AX signals were detectable in unsynapsed regions of Y and
X chromosomes. (B) Enlarged area from (A). (C) A schematic configuration
of the sex chromosomes from the cell shown in B. white arrow indicating
the region with synapsed YY. (TIF 4775 kb)
Competing interest
All the authors declare that they have no conflict of interest of any sort with
anyone.
Authors’ contributions
LW and QS conceived the idea and coordinated the project. THG and LW
collected the samples. LW, IB, HJ and CW conducted the experiments related
to meiotic progression. GXY and ZYC performed the karyotyping. LW
analyzed the data. QS and FI wrote the manuscript. All authors read and
approved the final manuscript before submission.
Acknowledgements
We gratefully acknowledge the subjects for sample donation to this study.
Funding
This work was supported by the National Basic Research Program
(2013CB947902 and 2014CB943101) of China (973), by grants from National
Natural Science Foundation of China (31371519, 31301227 and 313111245)
and the Knowledge Innovation Program of the Chinese Academy of
Sciences (KSCX2-EW-R-07).
Table 3 Recombination on YY bivalents in the 47, XYY patient
Cell type No. of cells analyzed No. (%a) of cells with
recombination in Yp
No. (%a) of cells with
recombination in Yq
Total recombination
in YY bivalent (%)
YY partially synapsed 47 21 (44.7 %)a 0 44.7%a
YY completely synapsed 18 4(22.2 %)a 2 (11.1 %)a 33.3%a
Total (%) 65 25 (38.5 %)a 2 (3.0 %)a 41.5%a
Sex chromosomes recombination was determined by MLH1 signals
aThe percentages were calculated by dividing the number of cells showing recombination on Y chromosomes with the number of cells analyzed
Wu et al. Molecular Cytogenetics  (2016) 9:9 Page 8 of 9
Author details
1The Reproductive Medicine Center, Clinical College of People’s Liberation
Army Affiliated to Anhui Medical University, Hefei, Anhui, China. 2The
Reproductive Medicine Center, 105 Hospital of People’s Liberation Army,
Hefei, Anhui, China. 3Molecular and Cell Genetics Laboratory, The CAS Key
Laboratory of Innate Immunity and Chronic Diseases, Hefei National
Laboratory for Physical Sciences at Microscale, School of Life Sciences,
University of Science and Technology of China, Hefei, Anhui 230027, China.
4Collaborative Innovation Center of Genetics and Development, Fudan
University, Shanghai 200438, China. 5Institute of Pure and Applied Biology,
Bahauddin Zakariya University, Multan 60800, Pakistan. 6Center for
Reproductive Medicine, Anhui Medical University, Affiliated Provincial
Hospital, Hefei, China. 7Anhui Provincial Family Planning Institute of Science
and Technology, Hefei, China.
Received: 8 June 2015 Accepted: 26 January 2016
References
1. Gekas J, Thepot F, Turleau C, Siffroi JP, Dadoune JP, Briault S, et al.
Chromosomal factors of infertility in candidate couples for ICSI: an equal risk
of constitutional aberrations in women and men. Hum Reprod. 2001;16:82–
90.
2. Rives N, Milazzo JP, Miraux L, North MO, Sibert L, Mace B. From
spermatocytes to spermatozoa in an infertile XYY male. Int J Androl. 2005;
28:304–10.
3. Shi Q, Martin RH. Aneuploidy in human spermatozoa: FISH analysis in men
with constitutional chromosomal abnormalities, and in infertile men.
Reproduction. 2001;121:655–66.
4. Morel F, Roux C, Bresson JL. Sex chromosome aneuploidies in sperm of
47,XYY men. Arch Androl. 1999;43:27–36.
5. Shi Q, Spriggs E, Field LL, Ko E, Barclay L, Martin RH. Single sperm typing
demonstrates that reduced recombination is associated with the production of
aneuploid 24,XY human sperm. Am J Med Genet. 2001;99:34–8.
6. Stochholm K, Juul S, Gravholt CH. Diagnosis and mortality in 47,XYY
persons: a registry study. Orphanet J Rare Dis. 2010;5:15.
7. Speed RM, Faed MJW, Batstone PJ, Baxby K, Barnetson W. Persistence of 2
Y-Chromosomes through Meiotic Prophase and Metaphase-I in an Xyy Man.
Hum Genet. 1991;87:416–20.
8. Blanco J, Rubio C, Simon C, Egozcue J, Vidal F. Increased incidence of
disomic sperm nuclei in a 47,XYY male assessed by fluorescent in situ
hybridization (FISH). Hum Genet. 1997;99:413–6.
9. Chevret E, Rousseaux S, Monteil M, Usson Y, Cozzi J, Pelletier R, et al. Meiotic
behaviour of sex chromosomes investigated by three-colour FISH on 35,142
sperm nuclei from two 47,XYY males. Hum Genet. 1997;99:407–12.
10. Lim AS, Fong Y, Yu SL. Analysis of the sex chromosome constitution of
sperm in men with a 47, XYY mosaic karyotype by fluorescence in situ
hybridization. Fertil Steril. 1999;72:121–3.
11. Gonzalez-Merino E, Hans C, Abramowicz M, Englert Y, Emiliani S. Aneuploidy
study in sperm and preimplantation embryos from nonmosaic 47,XYY men.
Fertil Steril. 2007;88:600–6.
12. Wong EC, Ferguson KA, Chow V, Ma S. Sperm aneuploidy and meiotic sex
chromosome configurations in an infertile XYY male. Hum Reprod.
2008;23:374–8.
13. Shi Q, Martin RH. Multicolor fluorescence in situ hybridization analysis of
meiotic chromosome segregation in a 47,XYY male and a review of the
literature. Am J Med Genet. 2000;93:40–6.
14. Egozcue S, Blanco J, Vendrell JM, Garcia F, Veiga A, Aran B, et al. Human
male infertility: chromosome anomalies, meiotic disorders, abnormal
spermatozoa and recurrent abortion. Hum Reprod Update. 2000;6:93–105.
15. Moretti E, Anichini C, Sartini B, Collodel G. Sperm ultrastructure and meiotic
segregation in an infertile 47, XYY man. Andrologia. 2007;39:229–34.
16. Abdel-Razic MM, Abdel-Hamid IA, ElSobky ES. Nonmosaic 47, XYY syndrome
presenting with male infertility: case series. Andrologia. 2012;44:200–4.
17. Jiang H, Wang L, Cui Y, Xu Z, Guo T, Cheng D, et al. Meiotic chromosome
behavior in a human male t(8;15) carrier. J Genet Genomics. 2014;41:177–85.
18. Pan ZZ, Yang QL, Ye N, Wang L, Li JH, Yu D, et al. Complex relationship
between meiotic recombination frequency and autosomal synaptonemal
complex length per cell in normal human males. Am J Med Genet A. 2012;
158A:581–7.
19. Turner JM, Mahadevaiah SK, Fernandez-Capetillo O, Nussenzweig A, Xu X,
Burgoyne PS. Silencing of unsynapsed meiotic chromosomes in the mouse.
Nat Genet. 2005;37:41–7.
20. Mahadevaiah SK, Turner JM, Baudat F, Rogakou EP, de Boer P, Blanco-
Rodríguez J, et al. Recombinational DNA double-strand breaks in mice
precede synapsis. Nat Genet. 2001;27:271–6.
21. El-Dahtory F, Elsheikha HM. Male infertility related to an aberrant karyotype,
47,XYY: four case reports. Cases J. 2009;2:28.
22. Blanco J, Egozcue J, Vidal F. Meiotic behaviour of the sex chromosomes in
three patients with sex chromosome anomalies (47,XXY, mosaic 46,XY/
47,XXY and 47,XYY) assessed by fluorescence in-situ hybridization. Hum
Reprod. 2001;16:887–92.
23. Solari AJ, Rey VG. The prevalence of a YY synaptonemal complex over XY
synapsis in an XYY man with exclusive XYY spermatocytes. Chromosom Res.
1997;5:467–74.
24. Milazzo JP, Rives N, Mousset-Simeon N, Mace B. Chromosome constitution
and apoptosis of immature germ cells present in sperm of two 47,XYY
infertile males. Hum Reprod. 2006;21:1749–58.
25. Turner JM. Meiotic sex chromosome inactivation. Development. 2007;134:
1823–31.
26. Roeder GS, Bailis JM. The pachytene checkpoint. Trends Genet. 2000;16:
395–403.
27. Hinch AG, Altemose N, Noor N, Donnelly P, Myers SR. Recombination in the
human pseudoautosomal region PAR1. Plos Genetics. 2014;10(7):e1004503.
28. Flaquer A, Rappold GA, Wienker TF, Fischer C. The human pseudoautosomal
regions: a review for genetic epidemiologists. Eur J Hum Genet. 2008;16:771–9.
29. Subramanian VV, Hochwagen A. The meiotic checkpoint network: step-
by-step through meiotic prophase. Cold Spring Harb Perspect Biol.
2014;6(10):a016675.
30. Lynn A, Koehler KE, Judis L, Chan ER, Cherry JP, Schwartz S, et al.
Covariation of synaptonemal complex length and mammalian meiotic
exchange rates. Science. 2002;296:2222–5.
31. Sun F, Oliver-Bonet M, Liehr T, Starke H, Ko E, Rademaker A, et al. Human
male recombination maps for individual chromosomes. Am J Hum Genet.
2004;74:521–31.
32. Codina-Pascual M, Oliver-Bonet M, Navarro J, Campillo M, Garcia F, Egozcue
S, et al. Synapsis and meiotic recombination analyses: MLH1 focus in the XY
pair as an indicator. Hum Reprod. 2005;20:2133–9.
33. Sun F, Mikhaail-Philips M, Oliver-Bonet M, Ko E, Rademaker A, Turek P, et al.
Reduced meiotic recombination on the XY bivalent is correlated with an
increased incidence of sex chromosome aneuploidy in men with non-
obstructive azoospermia. Mol Hum Reprod. 2008;14:399–404.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Wu et al. Molecular Cytogenetics  (2016) 9:9 Page 9 of 9
